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SUMMARY
An etinsivesurveyhasbeen-de ofbackgroundandaircraftnoise
levelsinresidentialcommunitiesineightcitieshavingmajorairports.
Themeasurementsweremadeinareasup toa distsnceof12milesfrom
theairports,andtheareaswerechosentohe underregularlyused
flightpaths.Morethan20 suchareaswereselectedatvariousdistances
fromtheairportin.eachcity.Readingsofbackgroundnoisewereobtained
primarilyintheoctavebands~ to 150, 300to 6MI,andl,20Qto 2,4~ cps,
about25 suchreadingsbeingtakenh eacharea. Octave-bandspectrawere
obtainedfromma~etictaperecordingsofthenoiseofabout250aircraft
inflight,representingsubstantiallyallcommercialtypes.Theresults
havebeenanalyzedtoyielda statisticaldescriptionfthebackground
noiseinmanydifferentcommunitiesandofaircraftnoisespectratvari-
ouslocationswithrespectoairportsandflightpaths.
INTRODUCTION
.
Thisreportpresentstheresultsofa surveyofnoiselevelsin
residentialcommunitiesineightcitieshavingmajorairports.Themajor
objectivesofthesurveyaretwofold:
(1)Todeterminethestatisticalpropertiesofthebackgrotinoise,
intheabsenceofaircraftnoise,intypicalresidentialreasinthese
cities
(2)Todetermine
levelsinresidential
a&ports.
thestatisticalpropertiesoftheaircraftnoise
reasunderregularlyusedflightpathsnear
Thepurposeofthemeasurementsi notto eval~te
propertiesofthesourcesthatare=ponsible for
*. craftnoiseincommunities.Thepurposeisrather
ticalterms,thenoisetowhichpeoplewholivein
exposed.4
thedetailedacoustical
thebackgroundandair-
todescribe,instatis-
thecommunitiesare
Ineachoftheeightcities,measurementsweremadeinmorethan l
20areas,eachofwhichcoveredaboutfoursquareblocks.Allareas
werelocatedwithina radiusof12milesoftheairports.Beforethe
areasw@reselected,a carefulstudywasmadeofregularlyusedaircraft *
flightpathsto andfrcmtheairport.Theareasinwhichnoisemeasure-
mentsweremadewerechosentobe undertheseregularlyusedflightpaths.
InthisreportheprocedurethatWESfollowedinthemeasurement
ofbackgroundandaircraftnoiseisdescribedandtheresultsofthe
measurementsarepresentedanddiscussedbrieflyinthelightofthe
knownstatisticalpropertiesofthesourcesofbackgroundandofair-
craftnoiseandinthelightofpreviouslyreportedmeasurements.
ThisreportwaspreparedfortheNationalOpinionResearchCenter
oftheUniversityofChicagoaspartofa .@rgerstudyfortheNational ,
AdvisoryCommitteeforAeronauticsonthecommunityaspectsofthe
aircraftnoiseproblem.
RACKGROUNDOISE
Procedure
.
b ordertodescribeadequatelythebackgroundnoiseina community,
itisnecessarytomeasureandto specifyseveralquantities.It is
certainlynotvalidtomakeonemeasurementofsoundlevelat onepoint d
inthecommunityat onethe andthento callthisresulthe‘back-
groundnoiseforthecommunity.” Ideally,thesoundpressurelevelof
thenoiseshouldbe recordedatallfrequencies}atallt~es though
thedayandnight,andatallpointsinthecommunity.Sucha large-
scalemeasurementprogramis}however>cle=Q @?ractic~. In order
to obtainusefuldatawithouta prohibitivelysxgenuxiberofmeasure-
ments,samplesofthenoiseb frequency>intime,andinspacemustbe
taken.Ifthesamplesareselectedproperly,theycanprovideanade-
quatedescriptionfthebackgroundnoiseina community.
Firstit ishelpfulto examinehowspacevariationsinbackground
noisefrompointtopointina ccmmunityareaccountedforinthemeas-
urementprocedure.Oneoftheconsiderationsintheoriginalselection
ofeachareawasthatthebackgroundnoiseatallresidenceswithinthe
areabe moreorlessthesame.Forexample,theresidentialreamaybe
selectedtobe theroWofhousesoneithersideofa busystreet;or,
thestreetswithinthesxeamaybe verylightlytraveled,andmostofthe’
noisemayoriginatefroma busystreet1/4mileaway.Becausethenoise k
wasmoreorlessthesamethroughoutmost@reas,itWasUSWUY necess-
tomakemeasurementsofbackgroundnoiseat onlyonepositionwithine-ach
k
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area. tiareas,however,wheresomenonuniformityinthenoisewas
. expected,measurementsweremadeat twoormorelocationsandthe
resultswereaveraged.
4 Thenoiselevelnesxa busystreetdepends,of course,uponthe
distancethemeasurementsaremadefrcmthestreet.tithissurvey,
alJmeasurementswerenmdeneartypicalresidences,regardlessoftheir
distsmcefromnoisystreets,sincetheobjectivewasto evaluatethe
noisetowhichresidentsareexposedad notto ev~ute thecharacter.
isticsofthenoisesources.
Allmeasurementsweremadeduringweekdaysinorderto obtaina
ssmpleofthetypeofnoisethatoccursmostfrequently.Readingswere
takenduringtwoperimisoftheday: (1)frc8n9:30a.m.to4:~p.m.
and(2)frcm1:00a.m.to 5:00a.m. Thesettieswereselectedbecause
thebackgroundnoisetimostareasremainsreasonablystablewithin
eachoftheseperiods,and,hence,measurementsmadeover a shortinter-
valoftimewithineachperi@ wouldbe fairlyrepresentativeofmeas-
urementsfortheentireperiod.Selectionofthesemeasuringperids
avoidsrushhoursandeveninghoursduringwhichtheleveloftraffic
isnotuniform.
Allmeasurementsweremadeinoctavebandsoffrequency,usinga
conventionalsound-levelmeterin coribinationwithm octave-bandana-
- lyzer.Almostallthereadingsof soundpressurelevelweretakenin
threeoctavebandsoffrequency:frmn~ to 1~, ~0 to 600,andl,200
to 2,400 Cps. Thesethreeoctavebandsappeartoprovidean adequateL sampleofthefrequencyspectrmsince,inmostcases,thespectrumof
thebackgroundnoisedoesnotdeviatemarkedlyfrcmlocationto location
ina givenresidentialcormnmity,orfrm ccmmmnityto comnunity.
Thesoundpressurelevelineachoctavebsmdgenerallyfluctuates
withtime,thefluctuationsbeingasgreatas 15decibehinsomecases.
In orderto evaluatetheseshort-timefluctuationsinthebackground
noise,thesoundpressurelevelineachofthethreeoctavebandswas
ssmpledatregularintervals.Successivereadingsof soundpressure
levelsinthe75-to ~X-, ~- to 600-,and1,200-to 2,400-cpsbands
weretakenatregulsrintervalsof5 seconds.Thecyclewasrepeated
until15ormorereadingshadbeentakenineachofthethreebands.
In somecasesasmanyas ~ readingsweretskenineachband,if itwas
judgedthatthislargernumberwouldberequiredin orderto obtatia
reasonablystablestatisticalpictureofthedistributioni levels.
Eachreadingwastakentothenearest5 decibels.Thedatawere
recordedas shownintableI. As eachreadingwastsken,en “x”was
. recordedbesidetheappropriated cibelrange.Thedataobtainedfrom
a sequenceofreadingswererecorded,therefore,asthreedistributions
oflevelsinthreefrequencybands.
.
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..
Foreacharea,at leasttwodatasheetsofthetypeshownintable-I
werecompleted. oneormorefordaytimeandoneormorefornighttime. .
In somecases,additionalsetsofreadingsweretakenduringeitherthe
daytimeornighttimeperiods.Theseadditionaldataservedtoverifythe —
assumptionthatthedistributionsthatdescribedthebackgroundnoise b
levels remainedreasonablystablethroughouttheseperiods.
—
Results
FromdatasheetsofthetypeshownintableI theobjectiveisto
derivea reasonablysimpledescriptionfthebackgroundnoiseexisting
at thetimethemeasurementsweremade. In eachfrequencybandthereis,
ineffect,a distributioncurvethatindicateshowthesamplesofsound
pressurelevelaredistributedalongthedecibelscale.A distribution
thatisconcentratedat onepointalongthescalerepresentsa noise
withverylittlefluctuation.Iftherearelargefluctuations,the
distributionisbroad.
Foreachofthedistributions,themeansoundpressurelevelhas
beencomputedonan intensitybasis.Inordertoperformthiscomputa-
tion,theprocedureisto (1)convertalldecibelread
?
s torelative
intensity, (2) computethemeanrelativeintensity,and 3) converthis
meanrelativeintensitybackto decibels.Theproceduremaybe illus-
tratedby usingthedistributionshownintalleI forthe~0- to600-cps T–
band,inwhichfourssmplesweremeasuredintherange3’5to40decibeb,
eightat40to45decibels,oneat45to ~ decibels,“&dtwoat ~ to
55decibels.Theintensitiescorrespond
Y
totheserangesofsound J
pressurelevelareintheratio1:3:10:30since10decibelsrepresents
a tenfoldincreaseinintensity,and5 decibelsrepresentsapproximately
a threefoliiincrease).Iftheintensityinthelowestrange(35to
40decibels)iscalledunity,theaveragerelativeintensityis
4x1+8x3+1x1o+2x3o .65.
15
whichisabout8 decibelsabovethereferenceintensity.Thus,theaver-
agelevelcomputedby thisprocedureis46decibels.Themedianlevel,on
theotherhand,is42decibels.Themeancomputedonan intensitybasis
isseentogiveconsiderablew iglrbtomeasurementsofhighsoundpres-
surelevelandrelativelylessweighttomeasurementsoflowersound .
pressyrelevel.Thismeanapp~s toyielda morerealisticsinglemeas- .
ureofthenoiseexposurexperiencedby residentsina community.
.—
Computationfthemeanlevelsforeachofthreefrequencybands
andfordaytimeandnighttimemeasurementsyieldsa totalofsixnmbers --
thatdescribethebackgroundnoiseineachsgea. Curvesshowinghow
—-
.
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thesemeanlevebaredistributedh themorethanl&)areasintheeight
citiesaregiveninfiguresl(a)to l(c).Eachfigureshowstwocurves
whichrepresentthecumulativedistributionflevelsina givenfre.
l
quencybandfordaytimeandfornighttime.Forexample,figurel(b)
showsthat,in~ percentoftheareas,themeanbackgroundlevelin
the300-to6w-cpsbandexceeded33decibelsatnight.In% percent
oftheareas,thelevelexceeded22decibelsandthemeanlevelwas
greaterthan~ decibelsinonly5 percentoftheareas.
@Yomthesethreepairsofcumulativedistributioncurvesa statis-
ticalpictureofthenoisespectrainthedaytimeandinthenighttime
isshowninfigures2(a)and2(b).Eachcurveindicatesa spectrum
thatisexceededin x percentoftheareas,where x isthenumber
thatlabelsthecurve.A curvekbeled25percent,forexan@e,depicts
a backgroundnoisespectrumthatisexceededin25percentoftheareas
inwhichmeasurementsweremade.
Eachnoisespectrumisdefinedbyonlythreepoints,sincemostof
themeasurementsweremadeinonlythreeoctavebandsoffrequency.
Sanemeasurementsweremadeinotheroctavebands,however,andthose
measurementsindicatethatthebackgroundnoisespectrumisusually
rathersmooth.Joiningthepointsh figures2(a)and2(b)by smooth
curvesandextrapolatingthecurvesbelow75cpsandabove2,400cps
isthereforeusuallyjustified.h
DiscussionofResultsL
Figures2(a)and2(b)summarizemeasurementsofbackgroundnoisein
sreasthatrepresenta widevarietyofresidentialccmmmnities.At one
extremeareruralareasinwhichbusyroadsaresomedistanceawayand
inwhichthereisnegligibletrafficonlocalroads.At theother
extremesreresidencesthatarenearverybusyhighwaysor citystreets,
withlargemmibersoftrucksandautomobiles.Themajorityoftheareas
inwhichmeasurementsweretakenwouldbe designatedasurbanor
suburban.
Theaveragedifferenceb tweenthedafiimeandthenighttimeback-
groundnoiseisabout7 decibels.In scmeareas,characterized@ a
largevolumeofnighttimetraffic(e.g.,trucksona s~te highway),
theremaybeno differenceb tweendaykhneandnighttimebackground
noise.h otherareas,thedifferencemaybe 15decibelsormore.
Thedatainfigures2(a)and(b)showthattheaveragebackground
noisein90percentoftheareasiswithina rangeofabout22decibels
inboththedaylxlmeandthenighttimemeasuringpericxls.Measurements
ofbackgroundnoiseatanyinstantoftimewill,however,covera con-
siderablywiderrange,sincethenoiseoftenexhibitslargefluctuations.
6to
to
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Thedifferenceb tweenthelevelsinthe~- to 1~- andthe300-
6(X1-cpsbandsisabout14decibelsontheaverage.Betweenthe300-
600-and1,200-to2.400-cPsbands,
*
theaveragedifferenceisabout
~ decibels.fithel,2b0-to-2,~-cfisband,th&e areoftencontri-
butionstothenoisefromrustlingleaves,crickets,birds,andsoforth. l “
Thesecontributionstendtokeeptheaveragebackgroundlevelsinthe
higherfrequencybandsabovethelevelsthatwouldbeexpectedifmotor
trafficweretheonlysourceofnoise.
AIRCRKFTNOISE
Procedure
Allmeasurementsofaircraftnoiseweremadeinareasthathadbeen
speciallyselectedonthebasisofdistancefromthea~ort andloca-
tionwithrespectoregularlyusedflightpathstoandfromendsof
airportrunways.As faraspossible,areaswereselectedinwhichonly
onetypeofaircraftnoisepredominated,thatis,mostoftheflights
overa givenareawereeitherlandingsort@e-offs(notboth),andin
whichtheaircraftwereoperatedwithincertainlimitsofaltitude.It
isclearthatthisidealsituationisonlyapproximatedinpractice.
Overareasdesignatedas “la.ndlng”therewillbe an occasionaltake-off;
overareasclosetoanairportwherealtitudesfortake-offsandapproaches z
arenormllylCOOfeetorless,therewillbe sanecirclingoperationsat
.—
higheraltitudes.
-. d
Measurementsofaircraftnoiseina givenareawereusuallymadeon
occasionswhenthebackground-noisesurveywasinprogressinthesame
area.Measurementswere notrestrictedtoaircrafthatwereundergoing
operaticmsforwhichtheareawasdesignated,althoughmostoftheair-
craftwereundergoingsuchoperations.Measurementsweremadeforall
aircrafthatproducednoiselevels ubstantiallyabovethebackgro=
noise.Forallmeasurementshepositionof-themicrophonewasnoted
andthedistancefromtheendsofairportrunwayswaslaterdetermined
-.
frommaps.
Thenoiselevelsproducedby theaircraftwerenotreaddirectly
froman octave-bandanalyzer.Thenoisewasfirstrecordedona mag-
netictaperecorder,togetherwithsuitablecalibratingsignalsto
permitdeterminationofabsolutelevels.Eachtimeanaircraftpassed
overhead,thetaperecorderwasswitchedonanda 10-to30-second
sampleoftheaircraftnoisewasrecorded,includingthetimebefore
andafterthelevelreacheda peakvalue.Fm eachrecordingtheatten-
uatorsettingsontherecordinginstrumentwerenoted.A 400-cpscali-
bratingsignalwasrecordedfrcmtimetotime,andtheattenuatorsettings “
wereagainnoted. —
.
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Afterthe
.
by ~S ofan
7
completionofthesurveythetaperecordingswereanalyzed
octave-bandanalyzeranda graphiclevelrecorder.The
graphiclevelrecorderdrawson-astripof-pa~era tracewhichrepresents
l thetimevariationofsoundpressurelevelineachoctavebandoffre-
quency.Tracesofthecalibratingsignalwerealsomadeonthegraphic
levelrecorder,andtheseservedto settheabsoluteleveloftherecord-
ingsofaircraftnoise.Theentiremeasuringsystemwascalibratedat
allfrequencies,andcorrectionswereappliedfornonuniformitiesn
frequencyresponseandforotherminordeviationsfrcmidealresponse.
AnalysisofResults
Intheanalysisoftherecordhgsofaircraftnoise,theobjective
isto obtaina statisticaldescriptionftheaircraftnoiseleveh in
theresidentialreasaroundtheairport.As notedpreviously,this
totalaircraftnoiseisa ccmpositeof (1]noisefrcmaircraftunder-
goinga specificoperationforwhichtheareaisdesignatedand(2)noise
frc?naircraftundergoingotheroperationsinthatarea. Thenoiseis
controlledlargelyby aircraftofthefirsttype,sincetheyareinthe
majority.Thestatisticaldescriptionftheaircraftnoisethatis
presentedinthefollowingdiscussiondoesnotincludedataonthefre-
quencyofoccurrenceoftheaircraft.Themeasurementsinthepresent
.
surveyieldinformationlyonthelevelsoftheaircraftnoise,with-
outregsrdforthermmiberoftimestheaircraftpassoverhead.
h Sinceonlya limitedthe wasavaibbleforthesurvey,itwasnot
possibletomakelargenumbersofmeasurementsofaircraftnoiseineach
area. Thus,a validstatisticaldescriptionftheaircraftnoiselevels
ina givenareacouldnotbe obtainedfrcunmeasurementsinthatarea
alone.Suchdatacouldbe gatheredonlyifa periodofweeksandeven
monthswasspentmakingmeasurementsateachairportcetiter.
FYomthedataathand,validstatisticaldescriptionsoftheati-
craftnoisecanbe obtainedonlyifthedatafromdifferentairport
centerszeconibined.Sucha combinationfdataispossibleif itis
assumedthatthestatisticalcharacteristicsoftheaircraftnoiselevels
inanareaa givennwiberofmilesfromtheendofa runway(measured
alongtheflightpath)areindependentoftheparticularairportcenter
or cityinwhichtheareaislocated.A distinctionismade,however,
betweenareasdesignatedas “landing”andthosedesignatedas “take-off.”
Theassumptionimpliesthatdifferencesinflightreutions, circling
patterns,andsoforth,atdifferentairportsdo notmateriaHymodify
thestatisticaldescriptionfaircraftnoiselevelsinareasthatare
thesamedistancefrcmairportrunwaysbutindifferentairportcenters.d Ineffect,theassumptionimpliesthattheaticraftnoiselevelsare
determinedby onlytwoindependentvariables:(1)distancefromtheend
.
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oftherunway,measuredalongtheflightpath,and(2)designationf
theareaas landingortake-off.
Thevalidity ofthisassmptioncannotbe verifiedwithconfidence
fromthelimitedataathand.However,generalobservationsofair-
craftoperationsinvariousairportcentersindicatethattheassump.
tionisnotunreasomble.Theanalysisofthedal+willproceedon
thisbasis.
Intheanalysisoftheresults,thediscussionisrestricted
primsrilytothe~eaklevelsastheaircraftpasses&r themeasuring
location.Thetimecharacteristicsofthenoiseare,of course,depend-
entuponthealtitudeoftheaircraft.Iftheaircraftisonlya few
hundredfeethigh,thepeakwillbe shsrp,as illustratedinthetrace
showninfigure3(a).Thistracewasrecordedby thegraphiclevel
recorderandrepresentshesoundpressureleveltithe300-to600-cps
frequencybandata distanceof1.5milesfromtheendoftherunwayas
theaircraftakesoff. Whentheaircraftisata higheraltitude,a
flattertraceisobtatied,sincetherelativedistancebetweentheair-
craftandthemicrophonechangeslessrapidly.Figure3(b)showsa
tracetakenatanarea4.3 milesfrmntheendofa runway.
Themeasurementsofaircraftnoiselevels xesummsxizedinfig-
ures4 and5. Dataaregivenonlyinthefrequencybandsfrom75to
2,400Cps. Thecontributionflevelsbelow75CPSandabove2}@0 CPs
Isprobablynotimportantintheevaluationoftheeffectsofthenoise
on-peopleforthetypesofnoisespectrameasuredinthtssurvey.
*-
.
Theconstructionfthesefi~es maybe explainedby~a
one- sayfigure4(c)- whichgivesthesoundpressurelevelsinthe300-
to 6W-CPSbandfortake-offareas.Eachpointonthegraphrepresents
a measurementofnoisefroma separateaircraft.Fromt~ recordingof
thisaircraft,thepeaklevelindecibelsisobtainedby theprocedure
describedpreviously.Fromthelnlownpositionofthemicrophone,the
distancefromtheendoftherunway,measuredalongtheflightpath,
isobtained.Thesetwonumbers- thepeaklevelindecibelsandthe
distanceinmiles- dete-e a pointinfigure4(c).
Thereisa considerablespreadinthelevelsofaircraftnoise
measureda givendistancefromtheairport.Thisspreadisattributable
toa nunberoffactors,ofwhichthefollowingsxethemost@ortant:
(1)Themeasurementsrepresentnoisefr_gmdifferenttypesofair-
craft,fromDC-3’stoDC-6B’SandSuperConstellations.
(2)Thepositionoftheflightpathre~tivetothemeasuringmicro- -
phonemaychangeappreciablyfromonemeasurementtothenext.Forsome
“
3
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measurements,theaircraftpassesdirectlyoverhead;forothermeasure-
. ments,theaircraftpassesatan obliqueangle.
(3)me atmosphericconditions,inparticular,thewindandtempera-* turegradientsandturbulence,varyfromdaytodayandfrcmhourto hour.
(4)At a givendistancefrcxntheairport,pilotsmayusedifferent
enginepowersettings;-withconsequentdifferencesinradiatednoise.
Inorderto examinethedistributionflevelsata givendistance
inmoredetail,studythegroupofmeasurementsintherange3 to 5 miles
fromtheendoftherunway.About44measurementsareclusteredinthis
distancegroup,whichcanbe representedbyanaveragedistanceofabout
4 miles.Infigure6 a cumulativedistributioncurveisplotted,showing
thepercentageofmeasurementsinthisdistancegroupthatarelessthan
theleveldesignatedby theabscissa.Thiscumulativedistributionforms
a smoothcurve.Thiscurveshowsthat25percentofthemeasurements
arelessthan57decibels,~ percentarelessthan64.decibels,75per-
centarelessthan69decibels,snd90percentarelessthan75dec-
ibels. Hence,infigure4(c)fourpointsare plottedat a distanceof
kmiles,representingeachofthesefourpercentagelevels.
Similarcumulativedistributioncurvesaredrawnforotherdistance
groups,andhencefourpointsareplottedinfigure4(c)foreachofthese
* groups.By joiningthepointsinthemannershowninfigure4(c),four
curvesareobtainedwhichindicatehowthesoundpressureleveldecreases
withdistancefrcmtheendoftherunway.Ninetypercentofallmeasure-&
mentsfallbelowtheuppercurve,75percentfallbelowthenextcurve,
andsoforth.Thesameprocedureisfollowedforotheroctavebandsof
frequency.
Thedatainfigures4 smd5 arereplottedina differentformin
figures7(a)to ~(d). In eachfigurenoisespectra sre shownforsev-
eraldistancegroups.Thespectrashowndepictlevelsthatareexceeded
in10,25,50,and75percent(figs.7(a)to 7(d),respectively)ofthe
measurementsmadeinthesurvey.Thesmoothcurvesindicatethespectra
forWse-offareas.
DataforbothlandingsandWke-oflsme plottedinfigures7(a)to
7(d). Thereisappaentlyno significantdifferenceinthenoiselevels
forlandingsandfortske-offs“forsreasthatarethesamedistancefrom
theendsofrunways.
DiscussionofResults
Thedatashowninfigures4, 5,and7 representa ccmpositeofmeas-
urementson about250 aircraft.Theccmpositeplotsshowthedistribution
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of soundpressurelevelstowhichresidentswholiveunderregularly .
usedflightpathsareexposed.Ingeneral,fora givendistancefrom
theairport,thegreatestsoundpressurelevelsaremeasuredwhenlarge
aircraft,suchasDC-6’sandSuperConstellations,followflightpaths b
thataredirectlyovermeasuringlocations.--Thelowersoundpressure
levelsaremeasuredforsmalleraircraft,suchasDC-3’s,orforair-
craftwhichdeviateconsiderablyfromtheflightpathsthatareusually
followedintake-offsandlandings.
At highfrequencies(e.g.,inthe1,200-to 2,400-cPsband)the
measurementsofaircraftnoiseatthemostdistantareasareusually
limitedby backgroundnoise.A cmparisonofthemeasurementsofair-
craftnoisefrom7 to l.Omiles,infiguresk(e)amd5(e),withthemeas-
urementsofbackgroundnoise,infigure2(a),indicatesapproximately
thesamedistributionflevelsforthetwocases.
Ifcertainassumptionsaremadeconcerningtheflightpathsandthe
typeofoperationoftheaircraft,it ispossibletopredicthee~ected
noiselevelsonthegroundasaircraftpassoverhead.b figure8 an
idealizedaircraftflightpathisshown.PointA representshetake- —
offpoint,orthetouch-downpointforlandings.Assumethattheair-
craftfliesina straightpathwithnoturnsandwitha steadyclimb
ona 20:1flightpathandthatmeasurementssremadedirectlyunderthe
flightpath. Further,assumethatthenoisepowerradiatedby theair- a-
crafti.sindepetientofthealtitudeoftheaircraftandthatthenoise
characteristicsofallaircraftarethessme.b thisidealizedsitua-
tionthepeaksoundpressurelevelmeasuredonthegroundwoulddecrease #
6 decibelsforeachdoubldngofthedistancefrompointA. Thiscon- —
elusionisbasedontheassumptionofgeometricalspreadingofsoundfrom
thesource.
.
Inplottingthelevelsfortake-offsinfigme4,distancesare
measuredfromtheendoftherunway(shownasB infig.8)andnotfrom
thetake-offpoint.Forrunwaysofaveragelength,thereIsa difference
ofabout1 milebetweenthesetwodistances.Whena correctionismade
forthisdifference,therateofdecreaseinlevelwithdistancefrom
theendoftherunwayis somewhatlessthan6 decibelsperdotilingof
distsnce,especiallyforsmalldistances.Theactualcomputed shape of
thecurveshowingthedecreaseinlevelwithdistanceinthisidealized
situationisplottedinfigure9. Figure9 alsoshowsthedistribution
ofmeasuredlevelsfortake-offsinthe~0- to600-cpsband,fromfig-
ure4(c).
Thedashedlineinfigure9 isthecomputedlevelthatwouldbe
producedby au.aircraftradiating20,000wattsofsoundpower.Thisis
approximatelytheover-allpowerofthenoiseradiatedfroma large
four-engineaircrsftwithallengtiesoperatingattake-offpower.The
.
.
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powerinthe~- to600-cPsbandisaboutone-sixthoftheover-all
. power(i.e.,about8 decibelslower).Thedashedlineinfigure9
represents,ineffect,thehighestsoundpressurelevelsthatwouldbe
measuredontheground,undertheidealconditionsjustdescribed.4 Therearea~reciabledeviationsfromthiscomputedcurveandfrom
similarcomputedcurvesforotherfrequencylands.Someofthemore
importantreasonsforthedeviationsarelistedasfollows:
(1)Themeasurementsrepresentcommercialtransportsofalltypes,
andthesedifferenttypesprducedifferentnoisepower.Forexsmple,
thesoundpressurelevelsmeasuredirectlyunderneatha DC-3areabout
8 decibebbelowthelevelsunderneathaDC-6 at thesanealtitude.
(2)Fortake-offs,thepowersettingsoftheenginesareusually
lessastheaircraftgainsaltitude,withconsequentreductionof sev-
eraldecibebinnoi~epowerradiated.Forlandings,however,the
powersettingsreprobablynotchangedappreciably.
(3) Forthemoredistantareas,thesoundmustpropagatethrough
greaterdistsnces,withresultantadditionalattenuationi excessof
thatpredictedfromtheassmptionoftheinversesqusrelaw. The
additionalttenuationisuswllygreaterforhighfrequenciesthanfor
lowfrequencies.Thisisemphasizedinfigures7(a)to7(d),whichshow
a moreslopingspectrumforthedistantareasthanforthecloseareas.
k
(4)As thedistancefromtheairportincreases,theaircraftbegin
todeviatefromstraightfllghtpaths.Forthedistantareas,onlyak fewaircraftwillpassdirectlyoverthemeasuringlocation.Conse-
quently,theaveragepropagationdistanceofthesoundfromtheair-
crafttothemeasuringmicrophoneisgreaterthanthealtitudeofthe
aircraft.
(5)Theassumptionofa steqdyclinibona 20:1flightpathisonly
approxhate. Theremaybe considerabled viationsfromthisaverage
rate.
(6)Ina fewcases,especiallyinthehigherfrequencybandsand
forlargedistsmcesfromtheairport,thesoundpressurelevelofthe
aircraftnoiseis ccxqarablewiththatofthebackgroundnoise.For
thesecasesthemeasurementsdonotreflectheleve~ ofthenoise
thatispropagatedfrcsntheaircraft.
Alloftheeffectslistedabovecontributeothedatasunmarized
infigure7 andnoattemptismadeinthisreportto evaluatethesepa-
ratecontributionfeachfactor.
.
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CONCLUDINGREMARKS
.
The,resultsofa surveyofmeasurementsofbackgroundandaircraft b
noiseincommunitiesneareightcommercialirportshowthatthereisa
rangeofmorethan20decibelsintheaveragebackgroundnoiseinthe ,=
l&lareasincludedinthesurvey.On theaverage,thelevelsofback- —
groundnoiseinthedaytimeare7 decibelsabovethecorrespondingnight-
timelevels.Theoctave-bandspectrumofthebackgroundnoiseslopes
downwardwithticreasingfrequency,theslopebeinggreaterat lowfre-
quencies(belowthe300-to600-cpsband)thanathighfrequencies. —
As thedistancefromtheendsofairportrunwaysisincreasedfrom
1 to10miles,theaircraftnoiselevelsmeasuredontheground ecrease
by 20decibelsormoreat lowfrequenciesand.by morethan~ decibels
at highfrequencies.Thereareno systematicdifferencesbetweenthe
levelsfromaircraftake-offsandlandingsinareasthatarea given
distancefromtheendsofrunways.Measurementsofthenoiselevelsof
aircraftpassingcloseto a givenareanearanairportexhibita spread
of20decibelsormore. Thisspreadisattributabletovariationsin
typeofaircraft,powersettings,meteorologicalconditions,andaircrsft
flightpaths.
BoltBersnekandNewman,tic.,
M
Cambridge,Mass.,July16,1954.
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TABLEI
TABLEILWW!IW!INGMEASUREMWI
FORBACKGROUNDNOISE
[Each x indicatesonereadingobtainedin1particulardecibelrange
Frequencyband, Backgroundnoiselevel, Meannoiselevel,
Cps db db
4oto 45
45to 50 xxx
73 to 150 X)to 55 .~c55 to 60 xxxx 54
6ot0 65
65 to 70
Soto 35
. 35 to 40 Xxxx
40 to 45 ~3ooto 600 45 to 50 x 46
50 to 55 xx
55to 60
25 tO 30
3oto35xx
1200to 24OO 35to 40 ~4oto43xx 41
45to POxx
50 to 55
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